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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

PRESSURE DISTRIBUTIONS ON TRIANGULAR AND RECTANGULAR 
WINGS TO HIGH ANGLES OF ATTACK - 
MACH NUMBERS 2.46 AND 3-36 
By George E. Kaattari 

SUMMARY 


In order to provide detailed wing-load-distriLution data to hi^ 
angles of attack, semispan pressure-distriLution models of triangular 
and rectangular plan forms vere tested initially at Mach numbers 1.4-5 
and 1.97. The results of these tests were presented in NACA RM A54D19. 

The present report presents the results of tests on the same models 
conducted at Mach number 2.46 within the angle-of-attack range of 0° 
to 50° and at Mach number 3*36 within the angle-of-attack range of 0° 
to 45°. The tests were made at Reynolds numbers of 0.26x10® per inch 
and 0.44x10® per inch for Mach number 2,46 and at Reynolds number of 
0.85x10® per inch for Mach number 3*36. 

Data were obtained on five models. The three basic models were 
two triangular wings of aspect ratios 2 and 4 and one rectangular wing 
of aspect ratio 2, all having thickened root sections, a structural 
feature generally required for supersonic all-movable wings. To evalu- 
ate the possible aerodynamic penalty of thickening the root sections, 
two other aspect-ratio-2 models, identical to two of the basic models 
but without thickened root sections, were tested. 

The triangular wings showed a tendency toward uniform loading for 
angles of attack up to 40®. Thus, as the angle was Increased, the 
center of pressure moved toward the centroid of area. The pressure 
distribution in the two-dimensional flow region of the rectangular wing 
was in fair accord with the values given by shock-expansion theory up 
to the angle of shock detachment. The presence of thickened root sections 
on the wings had little effect on the centers of pressure and normal- 
force coefficients. Reynolds number effects were negligible in the angle- 
of-attack range of 0° to 30°, 
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INTRODUCTION 

Since wings and controls for supersonic interceptor aircraft 
maneuvering at hl^ altitudes are required to operate over a wide range 
of angles of attack, information is required-on wing-load distribution 
at large as well as small angles of attack. Unfortunately, available 
theory on the aerodynamic behavior of wing and wing-body configurations 
at supersonic speeds is restricted to cases, whena the angle of attack 
is small. Detailed pressure-distribution data on wing-body components 
available in the literature (e.g., refs. 1 to 3) are also generally 
limited to small angles of attack. Little data are available for hi^ 
angles of attack at supersonic speeds, particularly for wing-body models 
with variable-incidence wings. In an effort to provide the needed 
information, a program has been initiated to measure pressure distribu- 
tions through a wide range of angles of attack, both on wing-body combi- 
nations and on the components (wing and body) . It is hoped that the 
data obtained will not only provide needed design information, but will 
also point the way for development of theories applicable over a wide 
range of angles of attack. 

Five low-aspect-ratio wings of triangular and rectangular plan form 
were chosen for the initial experimental investigation. Pressinre distri- 
butions on these wings through a wide range of singles of attack at Mach 
nunhers of 1.^5 and 1.97 were presented in reference 4. The present 
report presents similar data for Mach numbers of 2.46 and 3*36. Speci- 
fically, the data are presented in the form of; (l) tabulated pressure 
coefficients, (2) span-load-distribution curves for each angle of attack, 
(3) curves of normal force as a function of angle of attack, and (4) 
curves of ..center-of -pressure position as a function of angle of attack. 

NOTATION 


A 

Cm 

On 


c 


Cr 


5 


wing aspect ratio 
pitching-moment coefficient. 


Cn(^ - x) 
c 


normal-force coefficient, JS. 

qS 


local chord, in. 

local normal-force coefficient 

root chord, in. 


mean aerodynamic chord. 


fS 

Jq c^dy 
S^o dy' 


in. 
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ccn span loading coefficient, in. 

M free-stream Macti number 

N normal force, lb 

P pressure coefficient, ^ ~ Po 

q. 

p orifice static pressure, Ib/sq. in. 

Po free-stream static pressure, Ib/sq. in. 

Pw reference static pressirre, Ib/sq in. 
q free-stream dynamic pressure, Ib/sq in. 

R Reynolds number, per in. 

s wing semispan, in. 

S wing area, in.^ 

W wing (Subscript denotes model.) 

X chordwise distance from leading edge at spanwise distance y, in. 

3^ distance from leading edge to binge line along root chord, in. 

X distance from leading edge to wing center of pressure along 

root chord, in. 

y spanwise distance from root chord, in. 

y distance from root chord to wing center of pressure, in. 

a angle of attack, deg 


APPARATUS 
Wind Tunnels 


The investigation at M = 2.46 was conducted in the Ames 1- by 3- 
foot supersonic wind tunnel No. 1. This single-return, continuous 
operation, variable-pressiire wind tunnel has a Mach number range of 1.2 
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to 2.5. The Investigation at M = 3.36 was conducted in the Ames 1- by 
3-foot supersonic wind tunnel No. 2. This intermittent-operation,, non- 
return, variable-density wind tunnel has a Mach number range of 1.2 to 
4.0. In both tunnels, the Mach number is changed by varying the contour 
of flexible plates which comprise the top and bottom walls of the tunnels. 


Models 


The models and methods of mounting are identical to those of ref- 
erence 4. The five semispan models consisting of three trianguleur wings 
and two rectangular wings were constructed of hardened steel. A sketch 
identifying the models and a tabulation of their dimensions are presented 
in figure 1. Two triangulan wings (aspect ratios 2 and 4) and one rec- 
tangular wing (aspect ratio 2) incorporated thickened root sections 
faired to integral hinge shaft extensions, since such thickening is 
generally required for supersonic all-movable -vrings to maintain struc- 
tural Integrity between the comparatively thin wing and a large hinge 
shaft. In order to assess the aerodynamic penalty of thickening the 
root sections, two of these wings, one triangular and one rectangular | 
both of aspect ratio 2, were duplicated in plan form but had unthlckened 
root sections and were provided with integral mounting flanges at their 
root chords. All wing sections in vertical’ streamwise planes were modi- 
fied biconvex with maximum thickness ratios of 5 percent at midchord and 
with 50-P®rcent-blunt trailing edges. Tubing was soldered into milled 
grooves on one surface of the wings and orifice holes were drilled from 
the opposite surface to communicate with the tubes at locations listed 
in table I in terms of spanwise and chordwise positions, y/s and x/c. 

The wings were mounted on a boundary-layer plate serving both as 
a flow reflection plane and as a means of placing the wings in a region 
free of the tunnel-wall boundary layer. The tMckened-root wings were 
supported by their hinge shafts which fitted through a bearing in the 
boundary- layer plate. A cleaxance gap of 0.0(75 "to 0,009 inch was allowed 
between these models and the boundary-layer plate to permit free rotation. 
The unthlckened-root wings were moimted on a t-urntable in the boundary- 
layer plate. 


TESTS AND PROCEDURE 
Range of Test Variables 


All models were tested at Mach numbers of^2.46 and 3*36. Although 
angles of attack up to 90 ° were investigated, data are presented for a 
more limited range since it was felt that the results at the hi^er 
angles may be inaccurate due to the effects of interaction between the 
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plate boundary layer and the leading-edge shock vave of the vrings and 
to the tendency for the models to vibrate beyond 6o° angle of attack. 

The maximum angles of attack for which data are presented are therefore 
limited to 30° to 50 °, depending on the plan form, Mach number, Reynolds 
number, and' model structural rigidity. The models were tested at 
R = 0.44x10° per i nch and 0.26x10° per inch at Mach number 2.46. The 
models were tested at only one Resmolds number (O. 85 x 10 ® per inch) at 
Mach number 3-36. 


Reduction of Data 


I 

The local pressures were reduced to the pressure coefficient P 
as shown by the following expression: 

„ P-Po P-Pw.Pw"^*o 
, P - — = q + q 

where the term (p - Pvr)/q is calculated directly from the test data 
and (p^ - Po)/q is obtained from a calibration of the wind-tunnel air 
stream. Calibration of the air stream indicated that the value of 
(Pw “ Po) M = 2.46 was essentially 0, but that at M = 3-36 it 
was approximately 0.01. 

Chordwise pressure distributions were integrated for each span 
station by a tabxilar method to give local span loading coefficient 
ccn and local center of pressure x/c. The absence of orifices at the 
leading and trailing edges of the wings required extrapolations of the 
pressure distribution to these points. Linear extrapolations were used, 
based, respectively, on the pressures measured at the first two and last 
two orifices of each span station. The spanwise load distributions were 
similarly integrated to give total load Cn and center-of-pressiu?e loca- 
tion x/cr and y/s. The span loadings beyond the most outboard station 
of the models were approximated by assuming a parabolic load distribution 
tangent to the slope passing throu^ the loading of the last two out- 
board stations and falling to zero at the tip. 


Validity of Data 


The validity of the data is affected, by measuring accuracy and to 
an undetermined extent, at the hipest angles of attack, by plate- 
boundary-layer interference. The slight variations from constant test 
conditions and inaccuracies in setting the model angle of attack caused 
a probable error of less than ±0.02 in the pressure coefficients at both 
Mach numbers. The effect of the boundary-layer plate on the semispan 
models was discussed in reference 4 wherein it was noted that the root- 
chord pressure distribution of the unthickened- root rectangular wing 
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compared well with those predicted hy shock-expansion theory at Mach 
ntuahers 1,45 and 1.91 • Good agreement indicated that the boundary- layer 
plate had little effect at the root chord below the angle of shock 
detachment. The pressure distribution at the most inboard spanwise 
station y/s = 0.025 was also in good agreement with theory below the 
angle of shock detachment for Mach niambers 2.46 and 3.36. The only 
consistent Indication of . boundary-layer-plate effects was evident in the 
case of the aspect-ratlo-4 triangular wing when tested at Mach number 
2.46 for angles of attack above 25°. A reduction of about eight percent 
in the span loading at the root chord occurred when the Reynolds number 
was reduced from 0.44x10® per inch to 0.26x10® per inch. It is not clear 
why the other plan forms do not show corresponding Reynolds number effects 
at the root chord. The accuracy of the data” for angles of attack above 
4o°, and those for wing 2 at angles above 25 at Reynolds number 0.26x10® 
per inch, are subject to some uncertainty. 

RESULTS 


Tabulations of pressure coefficients are presented for the models 
at M = 2.46 for R = 0.44x10® per inch eind at M = 3.36 for R = 0.85x10® 
per inch in tables l(a) to l(j). 111.0 contributions to the loading and 

to center of pressure for each spanwise station are presented in tables 
Il(a) to Il(j) for both upper and lower wing surfaces. Summarized in 
tables II for each wing are also the normal-force coefficients, the 
center-of-pressure locations, and moment coefficients about the wing 
centroid of area. Figures 2 to 6 present plots of span loading coeffi- 
cients, normal- force coefficients, and the center-of-pressure positions 
for each wing. Data taken at R = 0,26x10® per inch at M = 2.46 are 
shown on these plots for comparison. Plotted on part (b) of figtres 
2 to 6 are also the values for the normal-force coefficients as predicted 
by linear theory. 

DISCUSSION 

Angle-of-Attack Effects 


It was noted in reference 4 that all five wings tested at Mach 
numbers 1.45 s-nd 1.97 tended toward a uniform loading with increasing 
angle of attack. This was also found to be the case for the loadings 
on the same wings at the higher Mach numbers of the .present test up 
to the angle of attack of 40°. However, on all wings tested beyond 40°, 
the pressures on the root chord decreased somewhat with a consequent 
movement of the center-of-pressure position outward and toward the 
trailing edge. This phenomenon is believed to be the result of inter- 
ference between the bow shock and the plate boundary layer. The rec- 
tangular wing data are in fair accord with shock- expans ion theory in 
the two-dimensional flow region up to the angle of shock detachment 
(fig. 7). 
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Mach Number Effects 


On the basis of the data of the present report and of reference 4, 
wherein data on the same models were presented for M = 1.45 and 1.9Tj 
the following Mach number effects were evident. As would be expected 
the normal-force curve slope at low angles decreased with increasing 
Mach numbers for all wings. Comparison of the normal-force curves for 
a given wing in all cases shows that at the lowest Mach number the 
normal-force cirrve tends to be convex, resulting in lower normal-force 
curve slopes at high angles of attack; whereas with Increasing Mach 
number, the normal- force curve tended to become concave, resulting in 
higher slopes at high angles of attack. 

No large effect of Mach number on the center-of -pressure position 
was noted. For the triangular wing of aspect ratio 2, in the moderate 
angle- of -attack range of 3° to 25 °, the center-of -pressirre position 
moved slightly forward (0.03cr) with increasing Mach number while above 
25 there was no consistent Mach number effect. In the case of the 
rectangular wing and of the aspect-ratio-4 triangular wing, the predomi- 
nant effect of increasing Mach number was to decrease the spanwise vari- 
ation with angle of attack of the center-of -pressiare position. 


Effects of Thickened Root 


In reference 4, it was noted that at M = 1.45 the span loading was 
not affected by the thickened root for either wing. The center-of - 
pressure position of the rectangular wing moved O.Olcr forward due to 
the presence of the thickened root section while that of the triangular 
wing was unaffected. At M = 1.97 "the root-chord loadings of both wings 
were reduced by the presence of the thickened root so that the total 
normal force was reduced by 5 percent in the lower range of angles of 
attack (3° to 17 . 5 °) 8^*3. by less than 2 percent above 17 . 5 °* The center- 
of -pressure position of the rectangular wing was again moved O.Olcr 
forward while that of the triangular wing was unaffected by the presence 
of the thickened root section. 

The effect of thickening the root-chord section at the higher Mach 
numbers of the present test can be seen by comparing figures 2 and 5 
the aspect-ratlo-2 triangular wings and figures 4 and 6 for the rectangu- 
lar wings. At M = 2.46, the span loading of the rectangular wing was 
negliglb^ affected by the thickened root chord up to 30° angle of attack. 
Above 30 the unthlckened-root wing had unexpectedly higher chord loading 
at the tip, giving total normal forces 3 to 4 percent higher than those 
of the thickened-root wing at both Reynolds numbers. Re-examination of 
the corresponding data of ref. 4 for this wing at M = 1.97 revealed 
smaller but similar effects. This anomalous behavior suggested the 
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possibility that the aeroelastic properties of the two wings differed to 
a sufficient degree to give different aerodynamic loadings at the tips. 

The two wings were accordingly bench loaded with approximately the same 
load distribution as under the tunnel test conditions. No Important 
difference between the tip deflections was noted. No adequate explana- 
tion of the c h a n ge in the pressures near the wing tip which accompanied 
thickening the root chord has been found. For the triangular wing at 
M = 2.46, the thickened root caused a loss of loading at the root chord 
giving a I .5 percent lower total normal force over the angle-of-attack 
range of 6° to 40°. At M = 3 *36, "the thickened root caused a loss in 
root chord loading so that a 2. 5 -percent-normal-force decrease occurred 
for the triangular wing. The center-of -pressure position was not signifi- 
cantly altered for either plan form. 


Effect of Reynolds Number 


In the present test the Reynolds number was varied only in the tests 
conducted at Mach number 2.46. No large or systematic effects of Reynolds 
number occurred for all wings tested in the angle-of-attack range of 0 ° 
to 25 °. Above 25 ° angle of attack, significant variations in span load- 
ing at the root chord occurred only for wing 2. These variations are'^ 
shown in figirre 3 (a) where the span loading differences are compared by 
the dashed line (R = 0.26x10® per inch) with the solid line (R = 0.44x10® 
per inch). This difference in span loading, however, was confined to the 
root chord and was probably due to the effects of Reynolds number on 'the 
plate boiindary layer. 


CONCLUSIONS 


In reference 4, semispan pressure-distribution models of two 
triangular wings of aspect ratios 2 and 4 and one rectangular wing of 
aspect ratio 2 , all with thickened root sections, and a triangular and 
rectangular wing, both of aspect ratio 2 without thickened root sections, 
were tested over a wide angle-of-attack range for M = 1.45 and M = I. 97 . 
In the present report, tests on the same wings were conducted at M = 2.46 
at angles of attack from 0 ° to 50 ° and at M = 3.36 at angles of attack 
from 0° to 45 °. Consideration of the results over the total Mach number 
range of 1.45 "fco 3*36 leads to the following conclusions; 

1. In the angle-of-attack range of 0° to 40°, all the wings showed 
a tendency toward uniform loading at high angles of attack. Thus, with 
increasing angle of attack, the center pressure moved toward the centroid 
of area, and span loading ciirves tended to assume the shape of the wing 
plan form. 
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2. Thickening the root section caused a somewhat lower root chord 
loading on both the rectangular and triangular wings. The effect of 
this loading loss on the total normal force was small except at M = 1.97 
where a 5-percent-normal-force loss occurred for all plan forms. Thick- 
ening the root chord had negligible effect on the center-of -pressure posi- 
tion of the triangular wing and caused a sli^t (O.Olcr) forward shift 

of that of the rectangular wing at all Mach numbers. 

3 . The normal-force curve slope of all wings tested showed an 
expected decreeise with increasing Mach numbers at the low angle-of- 
attack range. At the lowest Mach number, the normal-force curve tended 
to be convex, resiilting in lower normal-force curve slopes at hi^er 
angles; whereas with increasing Mach number, the normal-force curve 
slope tended to become concave, resulting in higher slopes at higji angles 
of attack. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Oct. 12, 1954 
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TABLE I.- PRESSURE COEKPICIEtnS OF WINGS 
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TABLE I.- PRESSURE COEFFICIENTS OF WINGS - Continued 


(e) Wlnj S; M-2.4«; R-0.44Xl(f p«r Inch 


OPr*' turfftc* 


Lever lurfae* 


J/> 


63“ 

kcP 

35° 

30° 

23° 

20° 

13° 

1<P 

69 

3° 

C9 

3“ 

6° 

10° 

13° 

20° 

23° 

30“ 

33° 

4CP 

«° 

0.069 

0.103 

>0.200 

-O-iSi 

-0.199 

-o.iSa 

-0.136 

-0.116 

-0.066 

-0.027 

0.015 

0.054 

0.09£ 

0.143 

0.196 

0.279 

0.399 

0.544 

0.719 

o.psr 

1.209 

1.410 

1.451 


.231 


-.179 

-iM 


-.130 

-.105 

-073 

-.036 

.009 

.039 

.078 

.U9 

-m 

.265 

.381 

.525 

.700. 

.909 

1.0&T 

l.lfiO 

1.125 


.272 

-.196 

-.179 

-.l-^ 

-.136 

—iKo 

—116 

-.086 

-.051 

-.006 

.022 

.061 

.095 

.140 

.230 

.154 

.505 

.603 

.070 

1.022 

1.061 

.991 


•w 

>.197 

-.100 

-.176 

-.199 


-.12^ 

-066 

-.052 

-.012 

.013 

.041 

.072 

.110 

.196 

.313 

.467 

.6IT 

.790 

.99. 

1.092 

1.050 


•2? 

>.212 

-.200 

-.20^ 

-199 

-169 

-.idi 

-166 

-.150 


-109 

-.067 

-.071 

-.043 

.004 

.077 

.168 

.289 

.wi 

.620 

.786 

.910 


.072 

-.202 

-.191 

-.201 

-.167 

-.162 

— L70 

-151 

-.133 

-.105 

-.007 

-.060 

-055 

-026 

UX4 

.106 

.217 

-357 

.529 

.726 

.932 

1.206 


•975 

-.190 

-.171 

-.173 

-.175 

—167 

-.157 

—11^ 

-.115 

-062 

-.063 

..091 

-.036 

0 

.068 

.173 

.310 

-VT6 

.45^ 

.643 

1.047 

l.lST 

.250 

.125 

-.2(A 

-.196 

-.20T 

-.199 

-.166 

-.169 

-.130 

-.0^ 

-.029 

.016 

.074 

.140 

.209 

.316 

.k58 

.610 

.770 

.931 

1U196 

1.255 

1.392 


.£60 

-.206 

-.196 

-.206 

-.199 

-.186 

-167 

-.136 

—100 

-.CA9 

-005 

.051 

.102 

.1&> 

.255 


.524 

.676 

.040 

1.010 

1.166 

1.339 


.375 

-.207 

-.200 

-.207 

-.199 

-.167 

-.197 

-.137 

-.102 

-054 

-.016 

.034 

.070 

.133 

.215 

.3,32 

.469 

.625 

.779 

.933 

1.107 

1.325 


.500 

-.210 

-.203 

-.209 

-.201 

-.109 

-172 


-.m 

-.OM 

-.031 

.011 

.040 

.097 

.174 

.206 

.410 

.554 

.706 

.070 

1.058 

1.339 


.625 

-.211 

-.203 

-.209 

-.200 

-.190 

—172 

-U7 

-115 

-067 

— 0>i2 

-.004 

.027 

.077 

.151 

■snk 

.377 

.529 

.663 

.831 

.9fc 

1.326 


.790 

-.211 

-.20^ 

-.209 

-.199 

-.160 

-.169 

— IM 

-.117 

-.074 

-.049 

-.016 

.012 

.059 

.118 

.229 

.347 

.469 

.610 

.743 


1.264 



-.206 

-.201 

-.210 

-.200 

-.166 

-.172 

-051 

-223 

-.003 

—060 

—030 

-.002 

.dki 

.103 

.193 

.307 

.409 

.530 

.674 

.003 

1.216 


.966 

-.206 

-.166 

-.203 

-.19^ 

-.165 

-.173 

-.159 

-.131 

-094 

—077 

-.049 

-.020 

.006 

.077 

.153 

.230 

.350 

.477 

.595 

.739 

1.160 

•500 

.125 

-.209 

-.200 

-.210 

-.201 


—170 

-.133 

-.093 

-.038 

.006 

.066 

.127 

.207 

.332 

.501 

.660 

.012 

.918 

1.066 

l.SU 

1.302 


.290 

-.203 

-.196 

-.206 

-.197 

-.169 

-169 

-.iVl 

-.101^ 

-jyyo 

-.014 

.049 

.102 

.102 

.s88 


.574 

.72.3 

.074 

1.020 

1.173 

1.205 


.900 

-.206 

-.200 

-.207 

-.197 

-.106 

-.173 

-.151 

—122 

-J3T6 


.dO 

.056 

.119 

.206 

.324 

.457 

.613 

.756 

.919 

1.067 

1.202 


.790 


-.198 

-.206 

-.197 

-.166 

-167 

-WO 

-.137 

-.094 

-064 

-.014 

.022 

.CTT4 

.152 

.263 

.387 

•;b6 

.605 

.030 

.968 

1.114 


.990 

-.201 

-.192 

-.205 

-.199 

-18>» 

-166 

— W7 

-.133 

-.109 

-.061 

-.040 

-.012 

.036 

.112 

.215 

.327 


.601 

.725 

.838 

.950 

l790 

.375 

-.193 

-.163 

-.209 

-.195 

-.167 

-175 

-1W3 

—110 

-.062 

-.027 

.030 

.078 

.135 

.284 

■M3 


.726 

.876 

1.017 

1.141 

1.231 


.625 

-.196 

-.18^ 


-.195 

-.105 

-.160 

-355 

-.130 

-.066 

-051 

—002 

.040 

.110 

.215 

.342 

.402 

.630 

.781 

.937 

1.065 

1.156 


.900 

-ige 

-.186 

-.20C 

-.199 

-.105 

-16^ 

-.53 

-.125 

-096 

-061 

-.041 

-.006 

.054 

.11(0 

•258 

.378 

.515 

.659 

.79. 

.901 

.959 


(<i) 


wins 2; Ji-3.36; R-O.BSxlCf par 
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TABLE I. - PRESSURE COEFFICIENTS OF WINGS - Continued 


Wlof &£*2.46; p«r iaeh 



( 0 ) Wlog 4; K«8.S6; R»0.8S>4(f par taeh 
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TABLE I.- PRESSURE COEFFICIEKTS OF WINGS - Concluded 


(I) wins*; M-2.48; RiiO. 44>4(f par Inch 
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TABLE II.- SPAlf LOAD DISTRIBUTlOir, NORMAL FORCE, AND CEHTFK OF PRESSURE OF WING - Continued 
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TABUE H.- SPM IjQAD DISTRIBUTION, NORMAL FORCE, AND CENTER OF PRISSTIRE OP WING - Concluded 
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Figure 1.- Wing dlmenaiouB 
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(c) Center-of-pressxire position; M= 2.k6. 
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Spanwise location, y/s 

(d) Center-of-presBure position; M = 3-36. 
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Figure 2.- Concluded. 
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(a) Span loading. 
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(b) Normal force. 


Fig\ire 3*- Aerodynamic characteristics of ving 2 




Chordwise location, x/Cr Chordwise location, x/c 


NACA KM A54J12 

.681 


23 




(c) Center-of-pressure position; M = 2.46. 
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Kigijre 3-- Concluded. 
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(c) CerLter-of-preBsure position; M = 2.46. 
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Figiire 5 .- Concluded. 
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(a) Span loading. 
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Figure 6.- Aerodynamic characteristics of wing 5. 
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(c) Center-of-pressiire positlonj M = 2.46. 



Sponwise location, y/s 


(d) Center-of-press\ire position; M =-3*36. 
Figure 6.- Concluded. 













